A measurement of the virtual-photon asymmetry A 2 and of the spin-structure function g 2 of the proton are presented for the kinematic range of the HER-MES experiment carried out at the HERA electron storage ring at DESY. Semi-inclusive longitudinal double-spin asymmetries provide new insight into the valence quark helicity distributions ∆u v and ∆d v .
The description of inclusive deep-inelastic scattering of longitudinally polarized charged leptons off polarized nucleons requires two nucleon spinstructure functions, g 1 and g 2 , in addition to the well-known structure functions F 1 and F 2 . In the following we don't show the exact dependence of the functions on variables x and Q 2 for brevity. In the quark-parton model (QPM), the structure function g 1 can be interpreted as a charge-weighted sum of the quark helicity distributions ∆q. The structure function g 2 does not have a probabilistic interpretation in the QPM. The operator product expansion (OPE) analysis shows that g 2 is related to the matrix elements of both twist-2 and twist-3 operators. Ignoring quark mass effects, g 2 can be written as a sum of two terms
is the twist-2 part derived by Wandzura and Wilczek: g
. The second term,ḡ 2 , is the genuine twist-3 part which measures quark-gluon correlations in the nucleon. The
2 ) dx, can be calculated on the lattice and thus provides a direct comparison to the QCD prediction. The moment d 2 has also been linked to the transverse force acting on the quark that absorbed the virtual photon in a transversely polarized nucleon, and thus to the Sivers effect [1] . The Burkhardt-Cottingham sum rule for g 2 at large Q 2 , 1 0 g 2 (x, Q 2 ) dx = 0 , does not follow from the OPE and its validity relies on an assumed Regge behaviour of g 2 at low x. In the absence of higher twist contributions to the function g 2 , the sum rule would automatically be fulfilled. The spin structure functions g 1 and g 2 can be related to the virtual photon-absorption asymmetries A 1 and A 2 .
The measurement of g 2 requires a longitudinally polarized beam and a transversely polarized target. In this case, the inclusive differential cross section can be represented as a sum of two terms, the polarization-averaged part, σ U U , and the polarization-related part, σ LT . The polarization-related part of the cross section in the one-photon approximation, is given by
Here, h l = +1 (−1) for a lepton beam with positive (negative) helicity. The angle φ is the azimuthal angle about the beam direction between the lepton scattering plane and the "upwards" target spin direction. A measurement of the inclusive cross sections (1) at angles φ and φ + π allows one to construct the asymmetry A LT ,
which defines the asymmetry amplitude A T . This amplitude contains all information on the function g 2 and the asymmetry A 2 as long as the function g 1 is known. The results of the HERMES data analysis [2] are presented in Fig. 1 . The SLAC [3, 4] and CERN [5] results are shown also. of the proton as a function of x. HERMES data are shown together with data from SLAC [3, 4] and CERN [5] . The solid curve corresponds to the Wandzura-Wilczek relation.
Using the results measured by HERMES for the g 2 (and its extrapolation into the unmeasured region), the twist-3 matrix element d 2 was evaluated.
The result is d 2 = 0.0148±0.0096(stat)±0.0048(syst). This is to be compared with the combined result from SLAC [3, 4] : d 2 = 0.0032 ± 0.0017.
The Burkhardt-Cottingham integral was evaluated in the measured region of 0.023 ≤ x < 0.9 at Q 2 = 5 GeV 2 , resulting in 0.9 0.023 g 2 (x, Q 2 ) dx = 0.006 ± 0.024 ± 0.017. This result is to be compared with the combined result from experiments at SLAC [3, 4] in the region 0.02 ≤ x < 0.8:
2 ) dx = −0.042 ± 0.008. Further details on the HERMES measurement of A 2 and g 2 may be found in Ref. [2] . HERMES has published its results on the helicity structure function g 1 [6] and its flavour decomposition [7] obtained with the purity method. Another approach to access the quark helicity distributions is a measurement of the hadron charge-difference longitudinal double-spin asymmetry. This asymmetry,
measured at proton and deuteron targets, may provide an independent information on the valence quark helicity distributions in the LO QCD. Under the assumption of charge-conjugation and isospin symmetries the fragmentation functions cancel out from A
. Additionally, for an isoscalar target, and assuming ∆s = ∆s, the hadron-difference asymmetries for pions and kaons are equal to each other. Finally, the asymmetries are expressed through a set of the independent combinations of the valence quark distributions:
Measured asymmetries were resolved with respect to ∆u v and ∆d v and the results are presented in Fig. 2 . The quantities obtained from the HERMES results using the purity method [7] are shown also. A good consistency between the results are found in spite of quite different extraction methods.
Further details on the measurement of the semi-inclusive double-spin asymmetries and the valence quark helicity distributions at HERMES may be found in Ref. [8] .
To summarize, HERMES measured the virtual-photon asymmetry A 2 and the structure function g 2 of the proton in the kinematic range 0.004 < x < 0.9 and 0.18 GeV 2 < Q 2 < 20 GeV 2 . For the covered x-range the measured integral of g 2 converges to the null result of the Burkhardt-Cottingham sum rule. The x 2 moment of the twist-3 contribution to g 2 is found to be compatible with zero, in agreement with expectations on its smallness from lattice Figure 2 : Helicity distributions for valence quarks evaluated using hadron difference asymmetries (3) and equation (4) . HERMES data obtained with purity method [7] are shown also.
calculation. The results on A 2 and g 2 are overall in good agreement with measurements of SMC at CERN, and E143 and E155 at SLAC. The measurement of the hadron charge-difference longitudinal double-spin asymmetries provides a new independent measurement of the valence quark helicity distributions. A good consistency with the results obtained with the purity method is demonstarted.
